The resistance of bacteria to antimicrobial agents could be influenced by growth environment. The susceptibility of two enteric bacteria, Yersinia enterocolitica and Klebsiella pneumoniae, to chlorine dioxide was investigated. These organisms were grown in a defined medium in a chemostat and the influence of growth rate, temperature, and cell density on the susceptibility was studied. All inactivation experiments were conducted with a dose of 0.25 mg of chlorine dioxide per liter in phosphate-buffered saline at pH 7.0 and 23°C. The results indicated that populations grown under conditions that more closely approximate natural aquatic environments, e.g., low temperatures and growth at submaximal rates caused by nutrient limitation, were most resistant. The conclusion from this study is that antecedent growth conditions have a profound effect on the susceptibility of bacteria to disinfectants, and it is more appropriate to use the chemostat-grown bacteria as test organisms to evaluate the efficacy of a certain disinfectant.
Growth conditions can profoundly influence the susceptibility of microorganisms to disinfectants (4, 6) . We have previously shown that growth of Escherichia coli at submaximal rates due to nutrient limitation and at relatively low temperatures greatly increases the resistance of this bacterium to chlorine dioxide (3) and phenylphenol (1) . Although coliforms are generally regarded as a suitable indicator organism, there is reason to doubt this premise (13) , and we therefore decided to determine whether other organisms responded to nutrient limitation in the same manner as E. coli. Two pathogens of considerable current public health concern, Yersinia enterocolitica and Klebsiella pneumoniae, were chosen for these studies.
If antecedent growth conditions do influence resistance of bacteria in general, then the current practice for environmental management of microorganisms will need to be reexamined. This practice relies exclusively on batch culture-grown bacteria for determining the efficacy of various disinfectants. However, it is very unlikely that (7, 8) . A plasmid-bearing strain of Y. enterocolitica and an isogenic cured strain were grown at a fixed dilution rate and at the same temperature (D = 0.1; SR [see below] = 0.2%; 29°C). The results (Fig. 3) indicated that the pathogenic strain was less resistant than the nonpathogenic one.
Effect of cell density. We have shown previously that culture cell density influences the susceptibility of E. coli to chlorine dioxide, a higher culture cell density during growth being accompanied by greater resistance (3) . Studying the effects of cell density on the susceptibility is important because organisms in most aquatic environments grow at low cell densities compared with laboratory batch cultures. The effect of cell density on cell parameters can be conveniently studied with a chemostat since by simply changing the concentration of the limiting nutrient in the inflow medium (SR), one can change the culture cell density without altering other parameters. Y. enterocolitica cultivated to a steady state in the chemostat at two SR glucose concentrations did exhibit differences in susceptibility, the lower-density populations being more resistant (Table 1) . K. pneumoniae, on the other hand, exhibited the same susceptibility after growth at two different culture densities. It should be emphasized that the cell density during growth is the determining factor here rather than the density of the populations subjected to disinfection. The latter was kept constant in all experiments as stated in Materials and Methods.
DISCUSSION
The results presented here demonstrate that slowly growing populations of Y. enterocolitica and K. pneumoniae grown under nutrient limitation are considerably more resistant to disinfection by chlorine dioxide than populations grown at more rapid rates. We have previously shown the same phenomenon for populations of E. coli and Legionella pneumophila with respect to their susceptibility to chlorine dioxide (3; J. D. Berg, A. Matin, and P. V. Roberts, in R. L. (10, 11) , which in turn must influence the bacterial response to these agents.
The effect of growth temperature on susceptibility was more variable than that of growth rate. Temperature had only a marginal effect in the case of Y. enterocolitica, but in the case of K. pneumoniae an increase in susceptibility was associated with increasing temperature. It may be assumed that the fluidity of the lipid bilayer, and hence the permeability of the outer membrane to small molecules, is an important factor in the mechanism of action of chlorine dioxide. The results indicate that the nonpathogenic strain was less susceptible than the pathogenic strain. This could be due to the change in the outer membrane proteins coded for by the plasmid, found only in the pathogenic strain.
A comparison of the susceptibility patterns of the two microorganisms indicates that Y. enterocolitica was more susceptible to chlorine dioxide than K. pneumoniae was. For instance, at 15°C and D = 0.025 h-1, treatment of Y. enterocolitica with chlorine dioxide produced a 5-log reduction, whereas under the same experimental conditions K. pneumoniae showed a 2-log reduction. This finding emphasizes that different microorganisms respond differently to the same disinfectant.
In conclusion, populations grown under conditions that more closely approximate the natural environment, e.g., low temperatures and growth at submaximal rates, exhibit enhanced resistance to disinfectants.
